





Department of Neurosurgery, Spine 
Center, Seoul National University Bundang 
Hospital, Seoul National University 
College of Medicine, 82 Gumi-ro 173beon-




Received: May 1, 2019 
Revised: July 16, 2019 
Accepted: July 19, 2019
Current affiliation
aDepartment of Neurosurgery, Eunpyeong 
St. Mary’s Hospital, The Catholic 
University of Korea, Seoul, Korea; 
bDepartment of Neurosurgery, Seoul 
National University Hospital, Seoul 
National University College of Medicine, 
Seoul, Korea; cDepartment of 
Neurosurgery, St. Vincent’s Hospital, The 
Catholic University of Korea, Suwon, 
Korea
Epidemiology of C5 Palsy after Cervical 
Spine Surgery: A 21-Center Study
Jae Keun Oh1, Jae Taek Hong2,a, Dong Ho Kang3, Sang-Woo Kim4, Seok Won Kim5, 
Young Jin Kim6, Chun Kee Chung7, Jun Jae Shin8, Seong Yi9, Jung Kil Lee10,  
Jun Ho Lee11, Chang-Hyun Lee12,b, Ho Jin Lee13,c, Hyoung-Joon Chun14,  
Dae-Chul Cho15, Yong Eun Cho16, Yong Jun Jin17, Kyung-Chul Choi18, In Ho Han19, 
Seung-Jae Hyun20, Jung-Woo Hur21,a, Ki-Jeong Kim20
 1Department of Neurosurgery, Hallym University Sacred Heart Hospital, Anyang, Korea  
 2Department of Neurosurgery, St. Vincent’s Hospital, The Catholic University of Korea, Suwon, Korea  
 3Department of Neurosurgery, Gyeongsang National University School of Medicine, Jinju, Korea  
 4Department of Neurosurgery, Yeungnam University Medical Center, Daegu, Korea  
 5Department of Neurosurgery, Chosun University Hospital, Gwangju, Korea  
 6Department of Neurosurgery, Dankook University Hospital, Cheonan, Korea  
 7Department of Neurosurgery, Seoul National University Hospital, Seoul National University College of  
  Medicine, Seoul, Korea  
 8Department of Neurosurgery, Inje University Sanggye Paik Hospital, Seoul, Korea  
 9Department of Neurosurgery, Severance Hospital, Yonsei University College of Medicine, Seoul, Korea 
10Department of Neurosurgery, Chonnam University Hospital, Chonnam University College of Medicine,  
   Gwangju, Korea  
11Department of Neurosurgery, Kyung Hee University Medical Center, Kyung Hee University College of  
   Medicine, Seoul, Korea  
12Department of Neurosurgery, Inje University Ilsan Paik Hospital, Goyang, Korea  
13Department of Neurosurgery, Incheon St. Mary’s Hospital, The Catholic University of Korea, Seoul, Korea  
14Department of Neurosurgery, Hanyang University Seoul Hospital, Seoul, Korea  
15Department of Neurosurgery, Kyungpook National University Hospital, School of Medicine, Kyungpook 
   National University, Daegu, Korea  
16Department of Neurosurgery, Gangnam Severance Hospital, Yonsei University College of Medicine, Seoul, Korea  
17Department of Neurosurgery, Inje University Seoul Paik Hospital, Seoul, Korea  
18Department of Neurosurgery, The Leon Wiltse Memorial Hospital, Anyang, Korea  
19Department of Neurosurgery, Pusan National University Hospital, Busan, Korea  
20Department of Neurosurgery, Spine Center, Seoul National University Bundang Hospital, Seoul National  
  University College of Medicine, Seongnam, Korea  
21Department of Neurosurgery, Seoul St. Mary’s Hospital, The Catholic University of Korea, Seoul, Korea
Objective: C5 palsy is a severe complication after cervical spine surgery, the pathophysiolo-
gy of which remains unclear. This multicenter study investigated the incidence of C5 palsy 
following cervical spine surgery in Korea.
Methods: We conducted a retrospective multicenter study involving 21 centers from the 
Korean Cervical Spine Study Group. The inclusion criteria were cervical spine surgery pa-
tients between 2012 and 2016, excluding cases of neck surgery. In patients with C5 palsy, 
the operative methods, disease category, onset time of C5 palsy, recovery time, C5 manual 
muscle testing (MMT) grade, and post-C5 palsy management were analyzed.
Results: We collected 15,097 cervical spine surgery cases from 21 centers. C5 palsy oc-
curred in 88 cases (0.58%). C5 palsy was more common in male patients (p = 0.019) and 
after posterior approach procedures (p < 0.001). C5 palsy usually occurred within 3 days 
after surgery (77 of 88, 87.5%) and most C5 palsy patients recovered within 6 months (51 
of 88, 57.95%). Thirty C5 palsy patients (34.09%) had motor weakness, with an MMT 
grade ≤ 2. Only four C5 palsy patients (4.5%) did not recover during follow-up. Posterior 
cervical foraminotomy was performed in 7 cases (7.95%), and steroids were used in 56 cas-
es (63.63%). Twenty-six cases (29.55%) underwent close observation only.
Conclusion: The overall incidence of C5 palsy was relatively low (0.58%). C5 palsy was 
more common after posterior cervical surgery and in male patients. C5 palsy usually devel-
oped within 3 days after surgery, and more than half of patients with C5 palsy recovered 
within 6 months.
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INTRODUCTION
Postoperative C5 palsy is a well-known complication after 
cervical decompression surgery. C5 palsy usually involves del-
toid weakness, but it can affect the supraspinatus, infraspinatus, 
subscapularis, biceps brachii, brachialis, brachioradialis, teres 
minor, serratus anterior, levator scapulae, rhomboid minor, and 
rhomboid major. Usually, patients with C5 palsy show an in-
ability to abduct the shoulder.
Numerous epidemiological studies have investigated C5 pal-
sy after cervical decompression surgery. A recent meta-analysis 
showed that the incidence was 6.3%,1 in a total of 61 studies 
containing 721 patients with C5 palsy among a total of 11,481 
patients. The incidence of C5 palsy among the studies varied 
between 1% and 29%. C5 palsy may present immediately after 
surgery or up to 2 months postoperatively, and its prognosis is 
usually good.2-6
Some studies have suggested that the pathophysiology of C5 
palsy may involve inadvertent injury to the nerve root during 
surgery, nerve root traction caused by spinal cord shifting, spi-
nal cord ischemia resulting from decreased blood supply, and 
reperfusion injury of the spinal cord. However, the pathophysi-
ology of C5 palsy remains unclear.7
The goal of this study was to investigate the incidence, pa-
tients’ characteristics, and outcomes of C5 palsy in a large mul-
ticenter retrospective review of cervical spine surgery cases in 
Korea. This study has the largest number of cases of cervical 
spine surgery related to C5 palsy, to the best of our knowledge, 
and more data about C5 palsy will be available after this pre-
liminary retrospective study.
MATERIALS AND METHODS
We conducted a retrospective multicenter study involving 21 
centers from the Korean Cervical Spine Study Group. The in-
clusion criteria were patients who underwent cervical spine 
surgery between 2012 and 2016. Cases of neck surgery, such as 
interventions for a neck mass, tracheostomy, or pain, were ex-
cluded. We obtained patients’ characteristics and information 
on complications including C5 palsy, diagnosis, and type of 
surgery. In patients with C5 palsy, the operative methods, dis-
ease category, onset time of C5 palsy, recovery time of C5 palsy, 
C5 manual muscle testing (MMT) grade, and post-C5 palsy 
management were investigated.
RESULTS
We collected 15,097 cervical spine surgery cases from 21 cen-
ters. Male patients were predominant in this study population 
(10,029 vs. 5,068). Among all cases of cervical spine surgery, 
11,153 were performed for degenerative disease, 2,163 for trau-
ma, 1,041 for a tumor, 157 for an infection, and 203 for congeni-
tal disease. There were 8,562 anterior approach procedures, 6,278 
posterior approach procedures, and 257 anteriorposterior pro-
cedures. The patients’ mean age was 55.06± 13.17 years.
C5 palsy patients accounted for 88 of all cervical surgery cas-
es (0.58%). The prevalence of C5 palsy was ranged from 0% to 
2.61% at 21 centers. There were 69 male patients. The mean age 
of patients with C5 palsy was 60.86± 11.78 years. There were 30 
Table 1. Postoperative C5 palsy and operative methods of cer-
vical spine surgery
Type of surgery No. of cases No. of cases of C5 palsy (%)
ACDF 7,952 24 (0.30)
ACCF 610 5 (0.82)
Laminoplasty 3,343 25 (0.75)
Laminectomy/Fusion 2,935 33 (1.12)
360° Fusion 257 1 (0.39)
Total 15,097 88 (0.58)
ACDF, anterior cervical discectomy and fusion; ACCF, anterior cer-
vical corpectomy and fusion.
 ACDF   ACCF   PF   LP   PECF   ACDF+PF











Fig. 1. Distribution of C5 palsy cases according to the type of 
cervical surgery. ACDF, anterior cervical discectomy and fusion; 
ACCF, anterior cervical corpectomy and fusion; PF, posterior 
fusion; LP, laminoplasty; PECF, posterior endoscopic cervical 
foraminotoy.
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anterior approach procedures, 57 posterior approach procedure, 
and 1 anterior-posterior procedure. In particular, C5 palsy oc-
curred after anterior cervical corpectomy and fusion (5 of 620, 
0.82%), laminoplasty (25 of 3,343, 0.75%), and laminectomy 
and fusion (33 of 2,935, 1.12%). C5 palsy was more common in 
male patients (p= 0.019) and after posterior surgery (p< 0.001), 
but age did not show a statistically significant relationship (Ta-
ble 1, Fig. 1).
C5 palsy usually occurred within 3 days after surgery (77 of 
88, 87.5%) and more than half of the C5 palsy patients recov-
ered within 6 months (51 of 88, 57.95%). Thirty C5 palsy pa-
tients (34.09%) had motor weakness, with an MMT grade of 2 
or lower. Only four C5 palsy patients (4.5%) did not recover 
during the follow-up period (Table 2).
After the onset of C5 palsy, posterior cervical foraminotomy 
was performed in 7 cases (7.95%), and steroids were used in 56 
cases (63.63%). Twenty-six cases (29.55%) underwent close ob-
servation, without any intervention.
DISCUSSION
The prevalence of C5 palsy after cervical decompression sur-
gery in our retrospective review was 88 among 15,097 cases 
(0.58%). This is much lower than has been observed in other 
studies.7-11 However, a recent multicenter retrospective study 
found that C5 palsy occurred in 59 patients among 13,946 cases 
(0.41%).12 This low incidence rate may have been due to recall 
bias, as a limitation of a retrospective study, but we suggest that 
improvements in surgical techniques, intraoperative neuro-mon-
itoring systems, and the high quality of the microscope contrib-
uted to the lower incidence of C5 palsy after cervical decom-
pression surgery.13
In our results, C5 palsy was more common in male patients 
(p= 0.019) and after posterior surgery (p< 0.001). The surgical 
approach may affect the incidence of C5 palsy. A study compar-
ing anterior and posterior surgery found a higher incidence of 
C5 palsy after the posterior approach.14 A meta-analysis of 79 
studies showed the same results as ours, finding that C5 palsy 
was more common in posterior cervical surgery than in anteri-
or surgery, and more frequent in male patients than in female 
patients (5.2% vs. 22%).10 After posterior decompression, the 
extensive reduction of the spinal cord may affect the C5 nerve 
root, causing it to kink in the cervical foramen. However, we 
are unsure why the anterior approach can also cause C5 palsy. 
One possibility is that the change of height between the cervical 
vertebral bodies may worsen foraminal stenosis. Further study 
would be necessary to prove this theory. Another study showed 
that older age was the strongest predictor of C5 palsy, but our 
results did not show a statistically significant relationship with 
age.11
There is some controversy regarding prophylactic cervical 
foraminotomy to prevent C5 palsy after cervical decompression 
surgery. Komagata et al.15 reported that postoperatively, C5 pal-
sy occurred in 0.6% of patients who received prophylactic cer-
vical foraminotomy and in 4.0% of patients in the control group. 
Another study showed that prophylactic cervical foraminotomy 
reduced the incidence of C5 palsy compared with the control 
group (1.7% vs. 7.0%) through a 2-year prospective study, with-
out adversely affecting cervical alignment, stability, hinge site, 
neurological recovery, and axial pain.16 However, a recent retro-
spective study reported that prophylactic bilateral C4/5 forami-
notomies did not eliminate the occurrence of C5 palsy.17 We 
could not determine how many C5 palsy patients had received 
prophylactic cervical foraminotomy, but after the onset of C5 
palsy, posterior cervical foraminotomy was performed in 7 cas-
es (7.95%).
Intraoperative detection of C5 palsy using intraoperative neu-
rophysiological monitoring (IONM) has been attempted. Spe-
cifically, transcranial electrically-stimulated muscle-evoked po-
tentials (TcE-MsEPs) are expected to detect C5 palsy during 
surgery, but controversy remains whether TcE-MsEPs can in 
fact do so. Some studies have shown positive results of IONM,18,19 
but others did not.20,21
In our study, C5 palsy usually occurred within 3 days after 
surgery (87.5%). Similarly, in another study, among 52 C5 palsy 
cases, 31 patients (60%) had C5 palsy after surgery and the oth-
ers within 7 days.11 Furthermore, most of our C5 palsy patients 
Table 2. Outcomes after C5 palsy in terms of the MMT grade
MMT at C5  
   palsy onset
No. of cases of 
C5 palsy (%)
MMT at C5 
palsy recovery
No. of cases of 
C5 palsy (%)
0 2 (2.27) 0 -
1 7 (7.95) 1 2 (2.27)
2 21 (23.86) 2 2 (2.27)
3 33 (37.5) 3 12 (13.64)
4 25 (28.41) 4 42 (47.73)
5 - 5 24 (27.27)
- Death 1 (1.14)
- F/U loss 5 (5.68)
Total 88 (100) - 88 (100)
MMT, manual muscle testing; F/U, follow-up.
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with an MMT grade of 2 or lower (30 patients) recovered to an 
MMT grade of 3 or higher, with the exception of 4 patients. In 
other studies, improvements were usually seen at the last fol-
low-up.11
This was a retrospective study, and therefore had several lim-
itations. We cannot be sure that we collected all C5 palsy pa-
tients from all cervical decompression surgery cases. Some in-
stitutions did not carefully track cases of mild C5 palsy, with an 
MMT grade of 3 or higher, because their experience was that 
C5 palsy usually improves with time. Therefore, we cannot ab-
solutely exclude the possibility that the incidence in our multi-
center study was somewhat underestimated compared to previ-
ous studies.
Many studies have analyzed risk factors for C5 palsy after 
cervical decompression surgery, but have generally been limited 
to populations of 10–20 C5 palsy patients.7,22-24 However, in this 
multicenter study, we collected data on 88 C5 palsy patients, 
forming the cornerstone of our planned future study to analyze 
risk factors for C5 palsy.
CONCLUSION
The overall incidence of C5 palsy was relatively low (0.58%) 
in this study, and C5 palsy was more common after posterior 
cervical surgery and in male patients. C5 palsy usually devel-
oped within 3 days after surgery, and more than half of patients 
with C5 palsy recovered within 6 months. This data could serve 
as important information for preparing and counseling patients 
who need cervical spine surgery. However, a further prospec-
tive study is necessary to assess the risk factors and proper man-
agement of postoperative C5 palsy.
CONFLICT OF INTEREST
The authors have nothing to disclose. 
REFERENCES
1. Wang T, Wang H, Liu S, et al. Incidence of C5 nerve root 
palsy after cervical surgery: A meta-analysis for last decade. 
Medicine (Baltimore) 2017;96:e8560.
2. Uematsu Y, Tokuhashi Y, Matsuzaki H. Radiculopathy after 
laminoplasty of the cervical spine. Spine (Phila Pa 1976) 1998; 
23:2057-62.
3. Radcliff KE, Limthongkul W, Kepler CK, et al. Cervical lam-
inectomy width and spinal cord drift are risk factors for post-
operative C5 palsy. J Spinal Disord Tech 2014;27:86-92.
4. Odate S, Shikata J, Yamamura S, et al. Extremely wide and 
asymmetric anterior decompression causes postoperative 
C5 palsy: an analysis of 32 patients with postoperative C5 
palsy after anterior cervical decompression and fusion. Spine 
(Phila Pa 1976) 2013;38:2184-9.
5. Nakashima H, Imagama S, Yukawa Y, et al. Multivariate 
analysis of C-5 palsy incidence after cervical posterior fu-
sion with instrumentation. J Neurosurg Spine 2012;17:103-
10.
6. Imagama S, Matsuyama Y, Yukawa Y, et al. C5 palsy after 
cervical laminoplasty: a multicentre study. J Bone Joint Surg 
Br 2010;92:393-400.
7. Sakaura H, Hosono N, Mukai Y, et al. C5 palsy after decom-
pression surgery for cervical myelopathy: review of the liter-
ature. Spine (Phila Pa 1976) 2003;28:2447-51.
8. Takemitsu M, Cheung KM, Wong YW, et al. C5 nerve root 
palsy after cervical laminoplasty and posterior fusion with 
instrumentation. J Spinal Disord Tech 2008;21:267-72.
9. Nassr A, Eck JC, Ponnappan RK, et al. The incidence of C5 
palsy after multilevel cervical decompression procedures: a 
review of 750 consecutive cases. Spine (Phila Pa 1976) 2012; 
37:174-8.
10. Shou F, Li Z, Wang H, et al. Prevalence of C5 nerve root pal-
sy after cervical decompressive surgery: a meta-analysis. Eur 
Spine J 2015;24:2724-34.
11. Bydon M, Macki M, Kaloostian P, et al. Incidence and prog-
nostic factors of c5 palsy: a clinical study of 1001 cases and 
review of the literature. Neurosurgery 2014;74:595-604.
12. Thompson SE, Smith ZA, Hsu WK, et al. C5 palsy after cer-
vical spine surgery: a multicenter retrospective review of 59 
cases. Global Spine J 2017;7(1 Suppl):64S-70S.
13. Fujiwara Y, Manabe H, Izumi B, et al. The efficacy of intra-
operative neurophysiological monitoring using transcranial 
electrically stimulated muscle-evoked potentials (TcE-MsEPs) 
for predicting postoperative segmental upper extremity mo-
tor paresis after cervical laminoplasty. Clin Spine Surg 2016; 
29:E188-95.
14. Hasegawa K, Homma T, Chiba Y. Upper extremity palsy fol-
lowing cervical decompression surgery results from a tran-
sient spinal cord lesion. Spine (Phila Pa 1976) 2007;32:E197-
202.
15. Komagata M, Nishiyama M, Endo K, et al. Prophylaxis of 
C5 palsy after cervical expansive laminoplasty by bilateral 
partial foraminotomy. Spine J 2004;4:650-5.
16. Ohashi M, Yamazaki A, Watanabe K, et al. Two-year clinical 
Epidemiology of C5 Palsy After Cervical Spine SurgeryOh JK, et al.
https://doi.org/10.14245/ns.1938142.071 562 www.e-neurospine.org
and radiological outcomes of open-door cervical lamino-
plasty with prophylactic bilateral C4-C5 foraminotomy in a 
prospective study. Spine (Phila Pa 1976) 2014;39:721-7.
17. Liu G, Reyes MR, Riew KD. Why does C5 palsy occur after 
prophylactic bilateral C4-5 foraminotomy in open-door cer-
vical laminoplasty? A risk factor analysis. Global Spine J 2017; 
7:696-702.
18. Bhalodia VM, Schwartz DM, Sestokas AK, et al. Efficacy of 
intraoperative monitoring of transcranial electrical stimula-
tion-induced motor evoked potentials and spontaneous elec-
tromyography activity to identify acute-versus delayed-onset 
C-5 nerve root palsy during cervical spine surgery: clinical 
article. J Neurosurg Spine 2013;19:395-402.
19. Sakaki K, Kawabata S, Ukegawa D, et al. Warning thresh-
olds on the basis of origin of amplitude changes in transcra-
nial electrical motor-evoked potential monitoring for cervi-
cal compression myelopathy. Spine (Phila Pa 1976) 2012;37: 
E913-21.
20. Tanaka N, Nakanishi K, Fujiwara Y, et al. Postoperative seg-
mental C5 palsy after cervical laminoplasty may occur with-
out intraoperative nerve injury: a prospective study with 
transcranial electric motor-evoked potentials. Spine (Phila 
Pa 1976) 2006;31:3013-7.
21. Nakamae T, Tanaka N, Nakanishi K, et al. Investigation of 
segmental motor paralysis after cervical laminoplasty using 
intraoperative spinal cord monitoring with transcranial elec-
tric motor-evoked potentials. J Spinal Disord Tech 2012;25: 
92-8.
22. Lee HJ, Ahn JS, Shin B, et al. C4/5 foraminal stenosis pre-
dicts C5 palsy after expansive open-door laminoplasty. Eur 
Spine J 2017;26:2340-7.
23. Tsuji T, Matsumoto M, Nakamura M, et al. Factors associat-
ed with postoperative C5 palsy after expansive open-door 
laminoplasty: retrospective cohort study using multivariable 
analysis. Eur Spine J 2017;26:2410-6.
24. Nori S, Aoyama R, Ninomiya K, et al. Cervical laminectomy 
of limited width prevents postoperative C5 palsy: a multi-
variate analysis of 263 muscle-preserving posterior decom-
pression cases. Eur Spine J 2017;26:2393-403.
